Abstract. High-resolution (1:500,000-scale) geologic mapping of a 300-km-wide and 1500-kmlong strip, or geotraverse, across the transition from the Xanthe Terra cratered highlands to the Chryse Planitia lowlands encompasses an area on the margin of the Chryse Basin unaffected by outflow channels. It thus characterizes the transition where it has been relatively unmodified by erosion and the stratigraphy of pre-outflow units is well-preserved. Two types of highlandlowland boundary are identified: (1) a topographic boundary and (2) 
Overview and Regional Stratigraphy
The assemblage of outflow channels around Chryse Planitia is the largest of the three principal areas of outflow channel occurrence on Mars [Carr, 1995] Topographic relief along the traverse is between 2 and 3 km (Figure 2) . The greatest change in relief occurs in the southern onethird of the geotraverse, in an area lying within the cratered highlands, rather than at the apparent morphologic contact between ridged plains and cratered highlands which is drawn as the boundary between highlands and lowlands on global geologic maps [Scott and Tanaka, 1986] . Although the precision of Martian topography in this region is currently between 1 and 1.5 km (vertical), a variety of geomorphic features are consistent with the presence of a great range in regional relief and a correspondingly large regional slope. These include distinct changes in orientation and widths of individual valley networks, differences in regional bright streak patterns indicative of significant changes in surface wind stresses, and differences in the overall character of the intercrater plains indicative of differences in surface geologic materials.
The geotraverse is aligned nearly radial to the proposed center [Schultz et al., 1982; Stockman and Frey, 1993] [Schultz et al., 1982] , the influence of the Chryse basin has been a significant underlying geologic theme throughout the history of this region.
The traverse crosses a variety of terrains from ancient cratered highlands to lowland ridged plains and catastrophic outflow channels. It therefore encompasses surface materials ranging from some of the oldest to some of the youngest on Mars. The general trend is one of decreasing age of the surface units from south to north along the traverse. Crater abundances and degradation states in general vary systematically from highland to lowland (Table 1, Figure 4 ) in accordance with relative ages determined from observed overlapping and embayment relations between geologically defined surface units. However, the geologic history has been more complex than is apparent from this regional trend, as there are local variations in crater abundance and surface characteristics implying considerable diversity in surface processes and histories.
The geotraverse is divided into three primary regions on the basis of a combination of altimetry and generalized stratigraphy ( Figure 2 ): (1) highlands (2.5øN to -9øN); (2) highland-lowland transition zone (-9øN to •14,øN), further divided into a "highland side" (7øN to 9øN) and a "lowland side" (9øN to 14øN); and (3) lowlands plains (•14 øN to 27.5 øN), the lowlands being divided into "transitional" plains (between 11.5 øN to 16 øN) and "basin interior" plains (16øN to 27.5øN). (These divisions are oriented diagonally across the map to the northwest, and the above latitudes referred to the intersection of the divisions with the eastern margin of the map.) The division between a "highland side" and a "lowland side" of the transition zone corresponds to the apparent morphologic contact between the cratered highland type surface of Xanthe Terra and the Chryse plains. On the basis of this disparity between topographic and morphologic characteristics, two types of highland-lowland boundary may be defined, a "geologic/morphologic" boundary characterized by transition from intensely cratered surfaces typical •Highland plains adjacent to transitional or boundary plains. fHesperian age asssignment for this unit is carried over from mapping in adjacent quadrangles. Age determinations based on crater numbers within the geotraverse area suggest that it is equivalent in age to AHp. of highlands, and a "topographic" boundary corresponding to the point where elevations decrease to those typical of lowlands. The topographic boundary lies several hundred kilometers south of the morphologic boundary and has been cited as evidence for a structural ring associated with a precursor Chryse impact basin [Schultz et al., 1982] . Together the three primary and two secondary divisions of the traverse area correspond to five divisions that approximately (although not exactly) correlate with the areas of each of the five individual MTM 1:500,000 photo mosaic sheets.
Highlands of Xanthe Terra (2.5øN to -9øN)
The oldest landforms and units occur within the highlands of Xanthe Terra and consist predominantly of rimless craters, isolated massifs (unit Nh), intercrater plains (unit Nip), and the floors and walls of valley networks (Hv). The surface of Xanthe Terra between 2.5øN and 7.5øN is a typical intensely cratered highland terrain with broad expanses of intercrater plains generally similar to those occurring elsewhere through-out the cratered highlands of Mars [Scott and Tanaka, 1986; Greeley and Guest, 1987] . Although relatively bland at regional scales, the detailed characteristics are evidence for potential diversity of highland geology. Few wrinkle ridges occur within Xanthe Terra compared to the interior of Chryse Planitia. By analogy with wrinkle ridge occurrence in the highland materials and mare basin surfaces on the Moon [Wilhelms, 1987] , this difference is interpreted to reflect the presence of thick, comparatively rigid layers of lavas filling much of the Chryse basin and relatively weak, deeply brecciated materials of the highlands. The map shape and distribution of massifs also suggest that there are some regional structural and topographic controls on their location. The planimetric outline of individual massifs and clusters of massifs is elongated in a north-northeast to south-southwest orientation (Figure 5c ). They are also situated along a narrow belt of longitude near 48øW, 200 km wide and radial [Schultz et al., 1982 ] to slightly oblique [Stockman and Frey, 1993 ] to a radial line drawn from the center of the Chryse basin, depending on which of the existing models for the center of the basin is used (Figure 3) . Massif distribution and the location of the largest valley networks also appear related. Individual branches of Nanedi Vailis are arranged between small clusters of massifs. Either the presence of the massifs exerted a control on valley location or the massifs were isolated by erosion associated with the valley networks. A single graben near the highland-lowland boundary further north also lies within and parallel to the corridor of massifs, which may be additional evidence for Chryse basin-related fractures and related sculpture. Therefore a relationship between massif distribution and impact basin radial structure appears plausible.
Massifs are interpreted to represent either uplifted and severely eroded blocks of crust resulting from now-obliterated highland crater rims; remnants of impact basin ejecta either associated with the formation of the Chryse impact basin [Schultz et al., 1982] 5øN and 14øN) . The transition region is particularly significant as a potential record of the early development of the lowlands and the events leading to the resurfacing of the adjacent highlands [Frey et al., 1988] . Although the large scale morphologic transition from highland to lowland terrains occurs as a relatively abrupt contact, certain characteristics of the highlands and lowlands remain visible within approximately 2 ø (-120 km) on either side of the boundary.
The transition is therefore much more gradual than is apparent on regional maps. The gradual submergence of highland relief features beneath the lowland plains is relatively well known; however, the transitional characteristics of the highland immediately adjacent to the geologic boundary are not as widely appreciated. The highlandlowland transition zone may therefore be divided into a highland side, where highland terrain is subdued and appears to grade toward characteristics of the lowland plains, and a lowland-side, where apparent highland massifs, "ghost" crater rings, and knobs and hills are common in what is otherwise broadly similar to lowland plains farther north. In the following, the respective characteristics of the "highland side" and "lowland side" of the transition are discussed separately.
"Highland side" of the transition zone (7øN to 9øN) . The highland side of the transition is distinguished from the highlands farther south by several subtle differences. First, rimless craters are less frequent and there is an apparent absence of smaller (<10 km) rimless craters. As a result the visual character of the surface appears less cratered overall. Second, several large rimless craters are locally more subdued and their floors shallower than their counterparts to the south. Third, bright wind streaks typical within the highlands are notably absent. A fourth distinguishing characteristic is the orientation of valley networks, which differs from that within the highlands to the south. Whereas valley networks within the highlands are aligned in a generally northerly course, Hypanis and Sabrina Vailes, both within the transition, are oriented east-northeasterly throughout most of their length.
Protracted erosion or backwasting of the highland-lowland boundary, although a potential cause of the elevation change, appears unlikely given that the total relief is I km and that the highland surface characteristics are substantially preserved in the transition. The elevation difference from highlands to transition region is consistent with normal faulting associated with an outer ring of the Chryse basin, although, like almost all proposed Martian impact basins, there is no direct evidence for structure at the surface, presumably because of widespread surface erosion since the time of basin formation. The origin of the abrupt change in orientation of valley networks, noted in the discussion of the highlands above, is consistent with differences in the throw, and corresponding differences in elevation of the surface and regional topographic gradient along a basin ring.
"Lowland side" of the transition zone (9øN to 14øN) . The surface of the lowland side of the transition appears generally similar to ridged plains surfaces of Hesperian age across the southern surface of Chryse Planitia (and throughout the northern hemisphere). However, the detailed geologic characteristics in the transition differ from typical ridged plains elsewhere in Chryse Planitia.
Within 200 km of the apparent geologic boundary between the highland cratered surface and lowland ridged plains there are numerous small hills, knobs, massifs, and one large "ghost" crater ring. The only apparent evidence for the boundary at this location (11.5øN and 46øW) consists of a contact of plains with hummocky highland material on the west and the gradual disappearance of highland rimless craters on the east, presumably beneath plains material. An additional evidence for the boundary is the distinct termination of Sabrina and Hypanis Vailes. The presence of deltaiclike deposits at the termini of these valleys implies an abrupt change in relief and a deposition of fluvial material that might arise from the continuation of the valley floors onto a lower plains surface along a topographic boundary. However, the surfaces on both sides of the apparent boundary are indistinguishable with available resolution image data.
Boundary plains (unit NHbp). Based on the above discussion, the same material responsible for subduing the highland craters on the highland side of the transition zone continues onto the lowland plains and is here referred to as the "boundary plains" (unit NHbp). This unit apparently thickens northward and inundates highland topography and rimless craters, resulting in the distinctive smooth appearance of boundary plains. Wrinkle ridges are relatively sparse throughout the boundary plains unit, although a few ridges occur within the boundary plains unit on the highland side of the transition. Judging from their similarity in orientation with more strongly developed ridges farther north, these are a continuation of ridges occurring throughout the lowlands. Downcutting of Hypanis Vallis within the boundary plains has exposed a distinct ledge visible on the valley walls (Figure 10 ) and implies the boundary plains unit is a locally thin, but continuous and resistant, unit consistent with onlap of a plains forming lava unit onto low elevation highland plains.
A ghost crater ting centered at 13.1 øN and 45.9øW is evidence for continuation of the highland surface beneath the cover of boundary plains. The ghost ring consists of a wrinkle ridge forming a 270 ø arc approximately 90 km in diameter (Figure 11 
Summary Observations and Some Implications
Geologic characteristics on the southern margin of Chryse Planitia generally reflect the long-term evolution and geologic modification of an ancient impact basin over time, primarily through filling by early plains-forming lava flows, and later erosion and deposition associated with regional fluvial processes. The geotraverse area is significant, however, in that the transition from highlands to lowlands in this region was preserved from the fluvial erosion that has obscured the highland-lowland contact relations elsewhere in southern Chryse Planitia. The geologic details of the transition are accordingly well-preserved and offer insight into what might be expected in future landing sites (such as Mars Pathfinder) and remote-sensing observations along the highland-lowland boundary, particularly around the margins of Chryse Planitia.
The relatively undisturbed and unchanneled surface of the transition zone between highland and lowlands in the area of this geotraverse preserves evidence that the geologic characteristics at the boundary between highlands and lowlands may be more transitional than generally considered. At least two types of boundary are detected, a topographic boundary and geologic/ geomorphic boundary. These two types of boundary do not coincide in position along the traverse and define a transition zone several hundred kilometers wide. Although it is well-known that geologic characteristics of the cratered highlands may be detected on the lowland side of the geologic contact (ghost craters and isolated highland material inliers), mapping from this study also shows that some geologic characteristics of the lowland plains (volcanic flooding of impact craters) may be detected on the highland side of the geologic contact. The smooth surface unit identified at the plains boundary with the highlands is consistent with the incursion of plains volcanism for considerable distances within the lowerstanding areas of the highlands inboard of the traditional highlandlowland boundary to form a distinctive boundary plains within what is generally considered to be highland terrain.
Similar boundary plains may occur elsewhere long the margins of Chryse Planitia. If so, boundary plains lavas may form the substrate for the proposed Mars pathfinder landing site, or occur as units that have been eroded and carried downstream from farther up the Ares Vallis channel system. Highland rocks may be less abundant than otherwise anticipated in the outwash sediments from Ares Vallis. Rocks within the outwash deposits of Ares Vallis and other channels around the margins of Chryse basin could be a mixture of plains volcanic rocks of the type responsible for the boundary plains as well as true ancient highland (breccia) rocks.
